Tussilagine, isotussilagine, neo-tussilagine and neo-isotussilagine were isolated from Ligularia sibirica whereas Tephroseris integrifolia was found to contain senkirkine, otosenine, hydroxysenkirkine and 07-angeloylheliotridine. The structures were determined using spectroscopical methods (GC-MS; NMR).
Introduction
In our studies on medical as well as forage plants from Mongolia which contain toxic pyrrolizidine alkaloids (PA) [I ,2] we investigated Ligularia sibirica Cass., Asteraceae, as well as Tephroseris integrifolia L., Asteraceae, (syn. Senecio integrifolius, Senecio campestre) which both occur in large amounts on pastures and meadows in Bulgan and Huvsgul Aimag in Mongolia. From here several reports about yak intoxications were given by farmers and breeders. Similarily, literature citations confirmed this problem [3, 4] . On account of botanical aspects it could be expected that both species should contain PA. We therefore collected both plants at their natural habitats and investigated them for their PA content. From Ligularia sibirica only the non-toxic compounds tussilagine and its isomers could be isolated whereas Tephroseris integrifolia contains the toxic PA senkirkine, otosenine, hydroxysenkirkine and 07-angeloylheliotridine. From the Chinese species Tephroseris integrifolia var. faun 07-angeloylheliotridine was isolated, too. But, in difference to the here investigated Mongolian T. integrifolia, only saturated otonecine derivatives (no double-bond in 1,2 position of the necine system) were found [14] . PA themselves show only low or no acute toxicity. But, in the liver of humans and animals these compounds are metabolised to highly toxic alkylating pyrrols in case their structure shows a double-bond in position 1,2 of the necine, a non-substituted a-position to the nitrogen atom and esterification of the OH-groups of the necine (monoesters are less-toxic than diesters) [15, 16, 17] . This structure toxicity relationship implicates that tussilagine and its isomers (1 -4) are non-toxic compounds whereas PA 5 -7 can produce toxic side effects. PA 8 should show a moderate toxicity.
Experiments
The quantification of the PA content in T. integrifolia (GC) resulted in amounts of less than 1% (dry weight). Our observations in the above mentioned Mongolian Aimags confiied that the breeders and farmers are mowing the pastures during the summer period for the production of winter food for their animals. We assume that this may be the main pathway for a PA uptake by the animals and that in this way T. irztegrifolia can take part in animal poisoning reported from Huvsgul Aimag.
